Purpose: Proximity to nature is highly valued by urbanites. They demonstrate higher willingness to pay for housing at locations near open and green spaces. But, nature in cities can generate negative externalities as well. The aim of this paper is to present the complex relationship between nature and cities and the possible negative influence of urban nature on property prices.
INTRODUCTION
Traditional analysis of urban spatial evolution has been carried out at a crude geographic resolution and by means of coarse statistical data. Until recently cities tended to be viewed as continuous built up areas with little room for nature. Population growth in cities was presumed to cause the outer boundaries of urban built areas to expand into the surrounding countryside. All open areas within urban boundaries were presumed to be conscripted for and eliminated by infilling and by building waves around cities (Czamanski, Malkinson and Toger, 2014) . Urban nature was viewed as an oxymoron. But, contrary to these crude analyses, cities are porous. In between buildings, there are back yards, private and public gardens and lots that are yet to be developed. Studies of urban clusters, defined as continuous built spaces (Benguigui, et al., 2000; 2001a; 2001b; carried out at a fine spatial resolution, confirm that while open spaces in cities do shrink in quantity, they persist and in the limit represent about a third of the urban land area. More importantly, their connectivity at least in some cities is robust (Czamanski, Malkinson and Toger, 2014; Toger, et al., 2015) .
Open spaces in cities are highly appreciated by urbanites as well as have an intrinsic ecological value (Niemelä, 1999; McPhearson, et al., 2016) . The proximity to greenspaces has been shown to improve human wellbeing and health (Tzoulas, et al., 2007) . However, in addition to the positive externalities that they generate by producing ecosystem services, proximity to nature can generate negative externalities as well. In this paper, we add specific analysis to sharpen the consensus (McPhearson, et al., 2016) that the relationship between cities and nature is quite complex. Their balance is time and location specific. There is no easy way to sort out the positive and negative spatial effects.
The remainder of this paper contains 2 main sections (Methodology and Conclusion). In the Methodological Section, we present some evidence concerning variation in housing prices in relation to proximity to open spaces, initial analyses of the presence of wildlife in Haifa (Israel) and of the complexity of estimating the impact of the positive and negative externalities of nature by means of property values. In the Conclusion Section, we present discussion of our analysis and suggestions for future research.
METHODOLOGY

Open spaces and property values
Open spaces in cities serve as habitats of a rich assortment of species. Indeed, the highest species richness is on the fringes of cities and in particular in the sprawling urban neighbourhoods at the outer boundaries of cities (McKinney, 2008) . Wealthier neighbourhoods are biologically more diverse (Leong, et al., 2016) . The value of disturbed or created, novel ecosystems, and the services that they provide, is the subject of a burgeoning literature (Hobbs, Higgs and Hall, 2013) . Ecosystem services, typically grouped into four broad categories, are crucial for human welfare (Corvalan, Hales and McMichael, 2005 . Provisioning services contribute to the production of air, fuel, food and water. Regulating services control climate and diseases. Cultural services contribute to the human spiritual well-being and recreational activities. Supporting services, such as biodiversity, provide a basis for the other three types by enabling ecosystems to function by, for example, nutrient cycles and crop pollination.
There is extensive literature that presents evidence that people are willing to pay for proximity to open spaces and natural areas in order to benefit from these services. There is evidence of a positive premium in housing prices at locations near open and green spaces that are perceived as beneficial and attractive (Daams, Sijtsma and Van der Vlist, 2016; Earnhart, 2006; Irwin and Bockstael, 2001) 1 . Analyses aimed to estimate the effects of open spaces on real estate values have found that in general proximity to these amenities has a positive impact (Conway, et al., 2010; Lutzenhiser and Netusil, 2001) . But, the influence of open space amenities on residential prices tends to decline with increasing distance (Asaber and Huffman, 2009; Jim and Chen, 2006) . In addition, there is evidence that the quality of open spaces and green areas around certain property matters. For example, the perceived density of tree coverage influences differentially residential values (Netusil, Chattopadhyay and Kovacs, 2010; Mansfield, et al., 2005) . In certain locations, not only the immediate surroundings are relevant. The quality of the landscape visible from property impacts positively on its value (Schläpfer, et al., 2015; Bourassa, Hoesli and Sun, 2004) .
Extensive evidence points to various wild animal and plant species that are present in urban green and grey spaces (VanDruff and Rowse, 1986; Matthies, et al., 2013; Adams, 2006) . There are coyotes in Tucson and Chicago, raccoons Cincinnati, foxes in London, wild boars in Riga, Berlin and Haifa, alligators in Palm Beach, moose and black bears in Montreal, cougars in El Paso, and more. As wildlife presence in cities increases, so does the frequency of human-wildlife conflicts such as direct damage to property, predation of pets, perceived and actual conflicts with residents, the spread of diseases and sanitation issues. While interactions with larger wild mammals tend to be overestimated by the media and the population in terms of frequency, the extent of danger and damage (Adams, 2006 , real estate values in the vicinity are affected by the perceived rather than actual wildlife nuisance level.
Animals in cities
Recently we studied the presence of wild animals in the city of Haifa, Israel. The city of Haifa is located on the northern Mediterranean cost of Israel. Hosting about 280,000 inhabitants (ICBS, 2014) , it is the third largest city in Israel. Its urban area covers around 66 km 2 (Haifa municipality, 2008) along the slopes of the Mount Carmel, extending from the sea level to an elevation of 450 meters. Its hilly topography is characterized by downward slopes towards the Mediterranean Sea, intertwined by relatively deep and green valleys. These valleys penetrate deeply into the urban built fabric, and, spread out as green fingers within the built environment. They are an integral part of the city's open space network (Toger, et al., 2015) . Fig. 1 includes a general view of the city of Haifa. The mountain ridge Carmel runs from the Mediterranean in the North-West, uphill towards the South-East which is the highest point in the area. The northern slope of the mountain is the most heavily urbanized area, and the valleys intertwined among residential areas all over the mountain are clearly discernible.
Figure 1 -General view of the Haifa area
To study the presence of wild animals, we utilized motion-sensor triggered cameras. Using the same sampling sites as in Matthies, et al. (2013) , we observed activity of wild mammals in the open spaces of Haifa. In 2011 we detected 11 wild mammal species, including: golden jackal, Egyptian mongoose, striped hyena, Indian crested porcupine, beech marten, rock hyrax, wild boar, red fox, southern white-breasted hedgehog, European badger, and coypu (Toger, 2016) . Jackals and wild boars were observed most frequently.
Figure 2 -Animals observed in Haifa using motion-sensor triggered cameras
Boars are frequently seen during night hours foraging for geophytes and acorns in backyards, turning compost and garbage bins upside down. They feature in traffic accidents and are linked to water contamination and spreading of certain diseases such as Escherichia coli, Salmonellosis and Swine influenza (Schierack, et al., 2009) . Furthermore, because of their ability to survive in urban areas, boars outcompete some native and endangered species.
While most residents consider them a nuisance, there are those that seize the occasion and enjoy the interaction with nature in an urban environment (Barshaw, 2012) . Recently the wild boars (Sus scrofa) received a lot of attention in professional and social media as a token nuisance animal in Haifa. Residents report addresses of observations of wild boars in the city to the municipality. The valleys in Haifa serve as habitat for wild boars as well as other species within the urban areas. In Haifa, as in many other cities, problems related to wild boars were reported in recent years (Cahill, et al., 2012; Licoppe, et al., 2013) .
Haifa municipality systematically records observations reported by citizens about nuisances caused by wild boars. We compiled the reported data for the years 2011-2013. The data include address and date of 5,120 observations 2 . Using ArcGIS software (ESRI, 2012) , the locations of these observations were geocoded. Since these complaints are the only evidence available about wild boars' location, we used a kernel density smoothing procedure in order to create a continuous surface of assumed "wild boars density function", and then normalized it to a range between 0 and 1. Fig. 3 (left) shows the normalized observed density of wild boars: Darker colours indicate the higher quartile (values between 0.75 and 1, the maximum), while lighter ones indicate the medium quartiles (0.5 to 0.75 and 0.25 to 0.5). The lower quartile and places where wild boars were not observed are not indicated in the map (blank areas).
In addition, we calculated a map of wild boars penetrable and impenetrable areas in Haifa. Using high resolution patterns of open spaces connectivity, we apply the concept of cost of animal movement in the city (Rudnick, et al., 2012) to calculate the impenetrability variable. The impedance (cost) to animal movement is defined as a combined measure representing disturbance from human infrastructures (roads, buildings, fenced areas, etc.) and energy expenditure of the animal. We relate it to the land-use/land-cover type, the most frequently used environmental variable in connectivity analysis studies (Zeller, McGarigal and Whiteley, 2012) . The impenetrability variable was calculated as cost-distance (ESRI, 2012) to each point in the city from the closest open space cell over a cost surface. The cost (resistance, movement impedance) surface was derived from land-use/land-cover (LULC) dataset described in Toger, et al. (2015) with the cost of 0 for open spaces; 0.25 for gardens and parks; 0.5 for backyards and squares; 0.75 for roads, railroads and transportation space, and infinite cost for obstacles such as buildings, construction, industry, and water. The cost-distance impenetrability values were normalized to the range between 0 and 1, with open spaces being completely penetrable (value of 0) and obstacles completely impenetrable (value of 1). Fig. 3 (right) shows the results of the calculation. Dark red areas are virtually impenetrable for wild boars, whether because they are hermetically fenced (infrastructures, industries and civil or military facilities) or because they are densely built, and possible boars movement among them is highly improbable, or because they are far from the open spaces thus costdistance value is very high. However, white areas are easily penetrable for wild boars, because of their closeness to open spaces, and, additionally, because the urban fabric in these areas is less dense (private houses, gardens, wider roads, abundance of available corridors, etc.).
Figure 3 -Normalized observed density of wild boars (left) and penetrable areas for wild boars (right)
A simple visual comparison of fig. 3 right and left suggests that places with higher wild boars observed densities coincide roughly with built and residential zones surrounded by penetrable areas. The intuition is that wild boars penetrate into the urban fabric preferentially in locations where a relatively easy retreat into safer open areas is possible.
The complex relationship of property prices and nature
In order to illustrate the relationship of various aspects of proximity to nature and property values, we use a dataset of 22,463 real estate transactions that took place in the city of Haifa during the period 2005-2014. The data include the price per square meter and several details about the properties transacted, such as a number of rooms, surface area and age.
In order to visualize the spatial morphology of residential prices in Haifa, we use again a kernel density smoothing procedure. We created a continuous and normalized surface with values between 0 and 1. Fig. 4 (left) presents the results. The highest dwelling prices quartile is located in the lower-right quadrant of the map, coincident with the highest topographic altitude of the urban fabric and the Mount Carmel. This area is also near one of the largest national parks in Israel, the Carmel Park, which limits with the city precisely there. Along the Mount Carmel ridge, in North-West direction, prices remain high (second and third quartiles), decreasing as the city approaches to the Mediterranean Sea and downwards along the southern and northern slopes. The lowest quartile is not shown in the map, but it includes mainly properties located along the shore, both in the West and in the North, where large infrastructures (roads, railways and harbors) are located.
Figure 4 -Property prices (left) and overlap of wild boars' density and property prices (right)
We hypothesize that places with the intensive activity of wild boars are less attractive for urban dwellers, due to their associated nuisances. In order to create a visual feasibility test of our hypothesis, we combine the dwelling prices with the wild boars density in a single map. Fig. 4 (right) combines the features displayed previously in figures 3-left (boars' density) and 4-left (normalized property prices). Fig. 4 (right) suggests that the presence of wild boars is insignificant in neighbourhoods with extremely low property prices. Only in neighbourhoods with property values in the upper three price quartiles, wild boars activity is high and generates significant volumes of complaints. At the same time, and as is evident from fig. 3 , wild boars' presence is related to proximity to open spaces and to deep valleys in particular. Thus, the locations that are attractive for humans are attractive to wild boars as well. Humans prefer aesthetic and recreational values of these locations and boars seek available food in areas that are easily accessible to them. It is noteworthy that places with low property values are characterized by a lack of open and green spaces and by limited landscape quality and closeness to industrial and transport infrastructure. These are the factors that make them unattractive for wild boars, and therefore little or no activity is recorded there.
But, the correlation between locations that are highly attractive to humans and to boars is not perfect. The relationship is far from being simple. The highest price quartile areas, located at the South-East corner of the map (Fig. 4 , darker black spots), do not coincide with the highest quartile of the wild boars density, located about 1.5 km North-East (the darker red spots). We presume that low intensity of boars does not constitute a problem for residents and does not affect the demand for housing. The impact on demand and prices of housing requires that the presence of boars exceed some unknown threshold values.
Figure 5 -Mean price per m 2 as function of wild boars' density
Real estate transactions can be grouped according to their location in different wild boars density areas. Since wild boars density spans between 0 and 1, this variable can be divided in five sections of equal range. The ample majority of the transactions (21,494 out of 22,462) are located in areas almost unaffected by wild boars (range 0.0 -0.4). Only the tiny minority of the transactions belongs to areas where the influence of wild boars is expected to be significant (968 out of 22,462). For each transactions group, we can calculate the descriptive statistics of its prices per square meter. Fig. 5 graphically shows the mean price per square meter as a function of wild boars' density.
The mean price per square meter increases steadily together with the boars' density. The first three columns in figure 5 indicate that the price increases by more than 20 %. The transition from range 0.4-0.6 to 0.6-0.8 is more moderated (an increase of around 4 %). However, when crossing to range 0.8-1.0 the trend changes suddenly and the price per square meter drops dramatically by almost 9 %.
Analysing real estate transactions according to their location and wild boars density areas reveals important differences between two main groups. The majority of these transactions (21,494 out of 22,462) occurred in areas with low wild boars impact (density range between 0.0-0.4). However, from the point of view of our research question, interesting phenomena should be found precisely in transactions located in places heavily influenced by boars. Focusing on the remaining 4 % of the dataset, we discovered that, related to that specific subset, the average price per square meter is lower than the average price found in its immediate surroundings (see fig. 5 ). Although this is not a demonstration that intensive wild boars presence pushes down property values, the analysis performed here suggests that there are good reasons to believe that there might be a connection between wild boar presence and lower property prices.
CONCLUSION
The well and widely documented higher willingness to pay for properties located near open spaces within cities is considered an expression of the positive externalities from nature experienced by urbanites. But as we illustrated here, in some cases, physical proximity to natural areas may be the source of negative externalities as well. These may result from nuisances caused by wild animals. Using data about property prices and wild boars' observations, we conclude that there are good reasons to suggest that this is the case in Haifa, Israel. However, disentangling mixed positive and negative effects of proximity to nature in urban areas is a complex task due to several types of challenges. At first sight, it seems that the same factors that attract humans to certain areas make them attractive for the wild boars too: nearby green and open spaces, abundant vegetation, closeness to valleys, etc. In addition, residential areas surrounded by wild boar habitat, become even more attractive to the boars because of the abundance of available food and the safety of nearby natural areas.
Assuming that a simple procedure for disentangling positive and negative effects could be conceived, an additional methodological challenge is posed by the fact that wild animals' nuisance effects are not necessarily linear. It seems that, in order to be perceived as a nuisance, wild animal's presence has to be noticeable, continuous and create some type of damage. Using different functions to model positive and negative effects may complicate the statistical model, but still, modelling curvilinear variables can shed light on the presumably non-linear relations between animal's presence and the nuisances caused by them. A simple solution would be to try different data transformations of one or both measurement variables and then perform a linear correlation of the transformed data. A more elaborated option is to explore the fit of a curvilinear regression using functions as exponential, power or logarithm. Other concerns relate to the quality of the data. Wild boar presence data used here are based on reports by citizens. One would expect fewer reports where there are less people. Boars observed in unexpected locations are more likely to get reported. In residential areas during work hours the probability of boar reports is lower. Moreover, the probability of boars being reported depends on population density per area which is heterogeneous.
It should be noted that our approach is conceptually different from the urban environmental perspective. Instead of focusing on the positive and negative influences of cities on their natural physical environments (as for example in Camagni, Capello and Nijkamp, 1998) we are interested in positive and negative influences of urban nature on urbanites' welfare. Our original contribution is to deal empirically with ecological disservices from nature, which affect negatively urban dwellers.
Despite the methodological issues in an effort to disentangle positive and negative externalities, the evidence we present suggests that estimates of the premium that people are willing to pay for proximity to green spaces may be the result of misspecification error. We cannot suggest at present whether the estimates should be bigger or smaller than reported in the literature (e.g. Bertram and Rehdanz, 2015) . Given the methodological and policy challenges of sorting the complex interactions between cities and nature, there is a need for further research.
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